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Abstract
The enhancement in immobilization process using microbial with organic matrix in biological process was an extensive research.
The novel organic matric was found to be used in immobilized process. The application of bamboo as microbial matrix in 
immobilization process was presented. The physical characteristic of bamboo was studied. The nature physical characteristic 
such as high porosity promotes bamboo as an alternative microbial matrix. The use of Bambusa heterostachya or locally called as 
‘buluh galah’ as organic matrix is a dynamic microbial environment. The existent of microbial cells inside bamboo by 
immobilization process are optimally structured the use of matrix. The microorganism, Lactobacillus delbrueckii was selected as 
microbial used in immobilized of bambusa matrix. The effect study was interaction time with constant pH of 7 and temperature, 
Û&,WZDVSHUIRUPHGWRGHWHUPLQHWKHEDFWHULDODWWDFKLQbambusa matrix during immobilized process for every 2 hours using 
scanning electron microscopy (SEM). The results show that the interaction time of immobilized process on Bambusa 
heterostachya as Lactobacillus matrix was interactive at 24 hours of inoculation process. Before the immobilization process, 
scanning electron microscope (SEM) showed that the pore tissue inside bamboo was empty with bacterial. However, after 24 
hours of inoculation process, analysis showed that the pore size of bamboo was full with Lactobacillus. Therefore, this study 
proved that bamboo is a good matrix for microbial growth. The immobilized process using Bambusa heterostachya as 
Lactobacillus matrix can be further use in industrial application especially in the field of wastewater treatment.
© 2015 The Authors. Published by Elsevier Ltd.
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1. Introduction
Pollutants tool such as incinerator; activated carbon and oxidation are equipment that used in treating the 
environment problem. There are many pollution occurs that can damages the environment such as air, solid and 
water (Saratale et al., 2011). The use of pollutant tools are very useful in order to control the pollution occurs in the 
world (Ponraj, Gokila & Zambare, 2011). Water pollution contributes to the major pollution in the world and 
become serious environmental problem as water covers over 70% of the Earth's surface (Mazmanci & Unyayar, 
2010; Ayed et al., 2011; Mashhood & Arsalan, 2014). Water is highly significant sources for human and other 
ecosystem (Ponraj, Gokila & Zambare, 2011; Saratale et al., 2011). However, water becomes polluted by 
anthropogenic activities (Solis et al., 2012; Mashhood & Arsalan, 2014). The discharges of wastewater into 
environment are usually caused by activities from houses, domestic, industries commercial buildings and agriculture
(Saratale et al., 2011). The potential contaminants such as chemical substances contain in water pollution become 
serious environmental problem (Cervantes & Santos, 2011; Solis et al., 2012). Therefore, pollutant tools for water 
pollution are very important to control the pollution and help to preserve the environment for long term used (Ayed 
et al., 2011; Adinew, 2012).
Basically, pollutant tools used for water pollution can be categories as physical, chemical, biological and 
combination of physical-chemical, biological-chemical or physical-biological (Awaleh & Soubaneh, 2014; Adinew, 
2012). There are many such methods that can be used to treat the wastewater. However, the existing approaches 
require considerable start-up costs and cannot meet increasingly stringent wastewater standards (Adinew, 2012; Ali 
& El-Mohamedy, 2012). The different and complicated molecular structures of chemical used in wastewaters make 
it difficult to be treated using conventional biological and physicochemical processes (Zaharia et al., 2012; Hayelom, 
2014; Ali & El-Mohamedy, 2012). Thus, innovative treatment approaches need to be investigated. Day by day, a
number of studies have focused on biological approaches using several microorganisms that are capable to absorb 
and degrade chemical substances from wastewater (Saratale et al., 2011; Adinew, 2012).
The biological approaches can remove a large fraction of biodegradable organic compounds existed in wastewater
(Ponraj, Gokila & Zambare, 2011; Saratale et al., 2011). Besides, the biological approaches cost is much lower than 
the physical and chemical methods (Adinew, 2012). However, the biological approaches can be improved by 
implementation of the modification of treatment technologies focusing on environmentally friendly behavior
(Novotny et al., 2011; Anjaneya et al., 2011). As biological approach using bacteria is a favorable applied 
microorganism (Alalewi & Jiang, 2013; Novotny et al., 2011), improvement of this approach must be done. The use 
of immobilized microbial cells in the field of wastewater treatment has been found to be beneficial as it is offer 
multitude of advantages include long retention time of biomass in the system, ease of use in a continuous reactor and 
their ability for scale up (Gorecka & Jastrzebska, 201; Suzana et al., 2013). Moreover, immobilized microorganisms 
could be cost effective since it can be used several times without significant loss of activity (Bashan et al., 2010; 
Martins et al., 2012).
The application of immobilized cells in industrial applications was reports by several research groups over the 
world which has successfully attempted microbial immobilization as a viable alternative in treatment of wastewater
(Martins et al., 2012; Suzana et al., 2013, Nur Hazirah et al., 2014). Thus, the immobilized microbial cell technology 
has been discovered as promising treatment in wastewater for future prospective. The introduction of new organic 
material, bamboo, bambusa heterostachya as microbial matrix in growing of bacteria, Lactobacillus delbrueckii in 
treatment structure of industrial wastewater becomes innovative findings in this field. The performances of bamboo, 
bambusa heterostachya as microbial matrix in immobilized process with Lactobacillus delbrueckii was determine as 
the goal of this research with the effect study focus on the interaction time.
2646   R. Nur Hazirah et al. /  Procedia - Social and Behavioral Sciences  195 ( 2015 )  2644 – 2651 
2. Materials and methods
2.1. Sample preparation and pretreatment of bambusa heterostachya
Bamboo sticks was selected and used in this experiment. The types of bamboo sticks were identified as bambusa 
heterostachya based on the location of the bamboo was produced which are Johor that situated at Southern of 
Peninsular Malaysia. Bambusa heterostahcya or also known locally as ‘buluh galah’ is one types of bamboo species 
obtained in Malaysia (Abdul Latif et al., 1996). The bamboo was cut into 1 cm of length in a vertical direction. 
Bamboo pieces were cleaned by washed it with flowing water prior. As for pre-treatment, the cutting bamboo was 
completely soaked into ethanol for 24 hours. After 24 hours, the bamboo was autoclaved using Top Loading 
Autoclave-+LUD\DPD IRU VWHULOL]DWLRQ SXUSRVHV DW Û& IRU PLQXWHV DQG89 OLJKW XQGHU ODPLQDU IORZ(6&2
Horizontal Laminar Flow for 15 minutes. 
Fig.1. Bambusa heterostachya with 1 cm in length
2.2. Characterization of bamboo, bambusa heterostachya
The characterization process of bamboo, bambusa heterostachya was done after the pre-treatment process in 
order to identify good surface of bamboo to use as microbial matrix. Bambusa heterostachya was characterized to 
identify the surface morphology and the porosity of the bamboo. The surface morphology of bamboo was done 
using scanning electron microscope (SEM) model Hitachi TM 3000. The porosity of bamboo was determined using 
mercury porosimeter. The data was used to analyse the effectiveness of bamboo as a matrix. Standard methods have 
been used to make sure that the results gains from the experiments are accurate and consistent. 
2.3. Microorganisms used
The usage of microorganisms, Lactobacillus delbrueckii was kindly obtained from Bioprocess Laboratory, 
Faculty of Chemical Engineering, Universiti Teknologi MARA Shah Alam. The stock cultures for Lactobacillus 
delbrueckii was maintain on MRS agar DWÛ&UHVSHFWLYHO\
2.4. Growth culture of Lactobacillus delbrueckii
MRS agar was used to maintain the sub-culture of Lactobacillus delbrueckii from the stock culture. MRS agar 
comprised of (gl-1): peptone (10.0), ‘Lab-lemco’ powder (8.0), yeast extract (4.0), Glucose (20.0), Di-Potassium 
hydrogen phosphate (2.0), Sorbitan mono-oleate (1 ml), tri-Ammonium hydrogen citrate (2.0), Sodium acetate 
3H2O (5.0), Magnesium sulphate, 7H2O (0.2), Manganese sulphate, 4H2O (0.05) and agar (10.0). The bacteria 
strain of Lactobacillus delbrueckii was cultivated and maintained DWÛ&ZLWKLQ24 hours in incubator shaker model 
SI-600R until the colonies are visible on the agar. 10 ml of MRS broth were used to further cultivate the bacterial at 
37°C in a rotary shaker under aerobic condition (150 rpm) within 24 hours. The MRS broth becomes cloudy when 
the bacteria were grown or present during the incubation process. Fig. 2 shows the bacteria strain of Lactobacillus 
delbrueckii after 24 hours of cultivation. The medium for MRS broth can be prepared by dissolving 5.22 g of MRS 
broth into 1000 ml of distilled water. The preparation of MRS agar and liquid medium was autoclaved using Top 
Loading Autoclave-Hirayama for sterilization purposes at Û&IRUPLQXWHVDQG89OLJKWXQGHUODPLQDUIORZ
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ESCO Horizontal Laminar Flow for 15 minutes.
Fig.2. Bacterial strain of Lactobacillus delbrueckii after 24 hours of cultivation in MRS agar
2.5. Development of Bambusa heterostachya as Lactobacillus matrix
The bamboo, bambusa heterostachya and Lactobacillus delbrueckii was prepared aseptically under laminar flow 
cabinet to prevent any contamination. According to Jianqiang et.al, (2000), the peak hours for growth culture of 
Lactobacillus delbrueckii is within 16 hours of cultivation. After 16 hours of inoculation process, the bambusa 
heterostachya was inserted as a function of microbial matrix to 20 ml sterilize bottle with screw lid contains 10 ml
MRS broth culture of Lactobacillus delbrueckii. The changing of bambusa heterostachya as microbial matrix in 
immobilization process is evaluate by analyse the surface morphology using scanning electron microscope, SEM
model Hitachi TM 3000 for every two hours until complete the duration of 24 hours cultivation. The surface 
morphology of bambusa heterostachya as microbial matrix in growing of Lactobacillus delbrueckii was observed 
for further analysis.
2.6. Effect study on immobilization process
The bambusa heterostachya as Lactobacillus matrix was study based on the effect of interaction time. The 
analysis of bambusa heterostachya as microbial matrix in immobilization process was observed for every 2 hours 
once the bambusa was inserted into the MRS broth culture. The condition of MRS broth culture was maintained 
constantly at 37ÝC and pH of 7 under shaking condition (150 rpm). The interactive time for bambusa heterostachya
as Lactobacillus matrix was observed under surface morphology identification using scanning electron microscope 
(SEM) model Hitachi TM 3000.
3. Results and Discussions
3.1. Characterization of bambusa heterostachya
The characterization of bamboo was done for surface morphology and porosity. Under the scanning electron 
microscopy (SEM) model Hitachi TM 3000, the surface morphology on bamboo pore can be seen clearly. As 
presented in Fig. 3, the pores of bamboo show that the original bamboo was empty with any bacterial attach. The 
result under surface morphology of bamboo using SEM indicated that the pore of bamboo before the immobilization 
process was unfilled with bacterial. 
The mercury porosimeter was used in identify the porosity of bamboo. As the porous matrix is commonly 
preferred because the high surface area allows for a higher enzyme loading and the immobilized enzyme receives 
greater protection from the environment. Based on Table 1, it was shows that the result of size pore diameter, 
porosity (%) and total pore area of bamboo obtained from mercury porosimeter. Under mercury porosimeter 
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analysis for bambusa heterostachya, it was indicated that the bamboo have high porosity that promotes bamboo as 
an alternative microbial matrix.
Fig.3. The scanning electron microscope (SEM) image on surface morphology of original bamboo, bambusa heterostachya with 
magnification range of 100X
Table 1. Characteristic of bamboo using mercury porosimeter
Characteristic Unit Readings
Pore diameter
Porosity
Total Pore Area
ȝP
%
m2/g
0.0885
45.6692
56.0070
3.2. Interactive time for Bambusa heterostachya as Lactobacillus matrix
The effect on interaction time was study for every two hours under shaking condition within 24 hours. The 
analysis of interaction time was start at 16 hours of inoculation process on MRS broth culture with Lactobacillus 
delbrueckii. As stated by Jianqiang et al., (2000), the peak hours for growth process of Lactobacillus delbrueckii in 
MRS broth is within 16 hours. During 16 hours of inoculation process, the bambusa heterostachya was inserted as a 
function of lactobacillus matrix. This process also known as immobilization process. The analysis on interaction 
time was started two hours after the bamboo was inserting inside the MRS broth culture which is at 18 hours of 
immobilization process. The bamboos was evaluated for every two hours until complete 24 hours of immobilization
process by taking out the bamboo from the MRS broth culture and dry it at surrounding temperature under laminar 
flow cabinet. The total of evaluation was up to 4 samples (18, 20, 22 and 24 hours). The analysis was done by using 
scanning electron microscope (SEM) model Hitachi TM 3000. 
Fig. 4 to 7 shows the SEM images of bambusa heterostachya after immobilization process in MRS broth cultures 
for the effect studies of interaction time under shaking condition. The interaction between bamboos as lactobacillus
matrix was determined by observed the surface morphology under scanning electron microscopes (SEM). The Fig. 4
shows the SEM images within two hours of interaction time in immobilization process under shaking condition. 
According to the Fig.4, the bamboo was not too much attached with the bacteria within two hours of immobilization 
process. The porosity of bamboo was still empty with bacteria. As can be seen from the Fig.5, the bacteria were 
starting to attach to the bamboo after four hours of immobilization process. But, it is still not much attachment of 
bacteria on the bamboo tissue. This condition can be explained as the bacteria were trying to adapt the new 
environment of bamboo as bacterial matrix. Since the bacteria need some time to synthesize and adaptation to the 
new surroundings. 
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From the observation of the surface morphology of bamboo, the bacteria was starting aggressively attach to the 
tissue inside the bamboo during the six to eight hours of interaction time. It can be seen from the Fig. 6 and Fig.7 as 
the bacteria starting to close all the pore area. This result may be explained as the bacteria were trying to attach with 
the bamboo under shaking condition. As can be seen at Fig.7, it showed that the bamboo was fully attach with the 
bacteria within 24 hours immobilization process under shaking condition. From the observation of results gained, 
shaking condition illustrated good agreement with the attachment of Lactobacillus onto tissue inside the bamboo 
due to the oxygen was favorable in the growing of bacteria. 
Fig.4. SEM image on effect of interaction time, 2 hours (18 hours of immobilization process)
Fig.5. SEM image on effect of interaction time, 4 hours (20 hours of immobilization process)
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Fig.6. SEM image on effect of interaction time, 6 hours (22 hours of immobilization process)
Fig.7. SEM image on effect of interaction time, 8 hours (24 hours of immobilization process)
Based on the results obtained, the bamboo was successfully showed that the bacteria was fully attach inside the 
bamboo tissue within 24 hours of interaction time. This may be explained by the fact of bacteria grow itself where 
the bacteria was grow in inoculation process until matured for further used within 24 hours. This study was proven 
the ability of the bambusa as lactobacillus matrix on the effect of interaction time. 
4. Conclusion
Based on the surface morphology analysis using scanning electron microscope (SEM), model Hitachi TM 3000, 
these findings further support the idea of enhancement of bacteria, lactobacillus delbrueckii by using bamboo, 
bambusa heterostachya as bacterial matrix. The use of bamboo as bacterial matrix was successful done in this study 
as the result obtained. The present findings seem to be resourceful for further study. From the effect study on 
interaction time, the results show that the function of bamboo, bambusa heterostachya as lactobacillus matrix was 
successfully achieved. According to effect study, it can be concluded that the bamboo can achieve full attach of 
bacteria when the interaction time was 24 hours of immobilized process under shaking condition.
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